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(m) microelectrodeforelectrocheimicalaivalysis. 

© A plurality of carbon fibers (1) are covered with an elec- 
trically nonconductive resin (2) so that the individual carbon 
fibers will not be brought into contact with each other, 
thensby forming a bundle of carbon fibers. Tips of the carkion 
fibers are retracted on one side of the carbon fiber bundle to 
form fine holes (3) that are open to the external side. If neces- 
sary furthermore, the retracted tips of the carbon fibers ore 
coated with a permselectrve membrane, an enzyme qramic- 
r®?I9*"jsrn,jor en^jectrgchem^ subst- 
?"5?j^*^^® obtained microelectrodes have a small flow-rate 
susceptibility, undergo less contamination, and can t)e used 
as electrodes for measuring dissolved oxygen, as electrodes 
for measuring ion concentration, as electrodes for bio- 
sensors, or as reference electrodes. 
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SPECIFICATION 0266432 



THE MINUTE ELECTRODE FOR ELECTROCHEMICAL ANALYSIS 

TECHNICAL FIELD 
This Invention relates to the Improved minute electrode 
such as dissolved oxygen measuring electrode. Ion 
concentration measuring electrode, for blo-sensors and for 
reference electrode which has low flow sensitivity and 
also it protects from contamination. 

BACKQROtrND ART 
The analysis of oxygen, saccharide, amino acid, pH etc. 
has hitherto done by electrochemical method, using eeveral 
kinds of electrodes. Following is the explanation of 
prior technique for various kinds of elctrodes and 
sensors. 

(1) The sensor for measuring the concentration of the 
dissolved oxygen 

It is important to measure the concentration of the 
dissolved oxygen in the body fluid' such as blood, or that 
of cultutre fluid in a fermenter- jar. Clark type oxygen 
sensor has been used widely. Composition of this sensor 
is as follows. 
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The container of sensor is fulled by electrolyte such as 
caustic alkaline solution etc., and the cathode (for 
example made of platinum) and the anode (for example made 
of lead etc.) are set therein, and separated from outside 
(the solution which should be measured) by the gas 
permeable membrane made of polytetraf luoro ethylene etc.. 
The concentration of oxygen can be determined by measuring 
the electric current between two electrodes, whereas 
oxygen molecule passes from test solution to inside of the 
sensor container through selective permeable membrane, and 
it is reduced electrochemically on platinum electrode 
surface. By the appearance of this method, amount of 
oxygen can be determined easily, but there are still 
following problems. That is, instability for pressure at 
sterilization, difficulty for maintenance, limitation for 
miniatxirization, and it can't determine the real dissolved 
oxygen concentration, but partial oxygen pressure, it 
can't determine the dissolved oxygen concentration in 
fermentation under pressure or can't determine it on the 
bottom of the sea and the lakes, and the variation of the 
electric current is rather big in accordance with 
temperature change. 

Following methods are proposed for other oxygen 
concentration measuring electrodes, especially for body 
fluids. That is, the method to make the condition of 
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stable contact by aeans of covering the fln« ^.etal wlPe^^^^^^ 
electrode surface with porous materials consisted of many 
layers (see Japanese Unexamined Patent Publication Ko.57- 
117838). And the method to Insert the fine metal wire * 
electrode Into the opened tube In the recessed position 
from the tip of the said electrode (see Japanese 
Unexamined Patent Publication No. 67-195436). 

However, these methods have still following problems 
such as contamination of the electrode and the possibility 
to suffer from Iatrogenic disease by peeling off the 
porous membrane . 

(2) The sensor for measuring the concentration of Ions 
The glass electrode has been widely used for measuring 
the concentration of hydrogen Ion. However, It has 
following several problems. That Is, It la easy to break, 
also It Is easy to contaminate, and it has the limitation 
using in the alkali aqueous solution. Moreover, It is 
very difficult to miniaturize, whereas the glass electrode 
needs the inside standard "solution compartment. And there 
Is a possibility that inside standared solution flows out. 

Recently, following phenomena is discovered. 
The membrane which Is deposited by means of 
electrochemical polymerization on the surface of the 
electrode, causes the change in potential In accordance 
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with bonding or removing of the hydrogen ion. [Willian R. 
Heineman, Anal. Chem. 52. 345 (19B0)] The following pH 
sensor is also proposed. The method has applied following 
phenomena that the membrane, which is formed on the 
surface of an electrode, causes reversible oxidation/ 
reduction reaction with bonding or removing of hydrogen 
ion (see Japanese Unexamined Patent Publication No.61- 
19434). However, when these pH sensors are used 
continuously in the body fluids or fermentative solution, 
the potential drift Is occured in accordance with 
contamination. 

(3) Bio— sensor 

There are two types of bio-sensors. That is. the first 
one is to determine the concentration of materials related 
to biochemical reaction, by measuring the current which 
caused m electrochemical reaction of said materials. 

The another one Is to analyse the electroactlve 
materials, (related to biochemical reaction), by measuring 
the potential of the membrane which selectively responds 
to said materials. The former one is called "Amperometry 
method" and in this case, oxygen sensor and hydrogen 
peroxide electrode are applied. On the other hand, the 
latter one is called "Potent iometry type" and ion 
selective electrode and ammonia or carbon dioxide gas 
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electrode (which consists of some kind of gas peraeabft^ 66432 
membrane and pH electrode) are applied. 

Enzyme, microorganism, and ant Igenantl body reaction are 
one of the biochemical reactions. The blo-sensor has 
problems said hereinbefore, whereas fundamental 
composition of blo-sensor Is oxygen sensor or pH 
electrode. 



(4) The reference electrode 

Conventional reference electrode has following problem 
1) it Is easy to break, 2) It Is hard to ensxire for the 
pressure of sterilization, whereas the saturated calomel 
electrode and silver /silver chloride electrode etc. 
Includes Inslde-solutlon. 

Therefore, the object of the present Invention Is to 
provide the various type of electrodes and also sensors 
which can determine for example, the dissolved oxygen, 
saccharide, amino acid, pH etc. stably and accurately 
without disadvantage of prior techniques. 

DISCLOSURE OF THE INVENTION 
The present Invention relates to the minute electrode 
for electrochemical analysis which is characterized In 
that It is comprised of carbon fiber bundle covered with 
nonconducting resin, and the end of carbon fiber is 
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recessed from one end of said bundle, and the .alcrohoQA^®^®^ 
released to the outside are made on the carbon fibers. 
The minute electrode which has low flow sensitivity and 
protects from electrode contamination by Interference 
substances can be obtained in accordance with this 
composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The FIG. 1 shows the conceptual illustration of minute 
electrode of present invention, and FIG. 2 shows the 
conceptual illustration of the electrode for bio-sensor 
which Is one of the definite application of this 
invention. The FIG. 3 shows the contamination by 
interference substances of each electrode which has micro- 
holes, and which has not, this has been carried out In 
Example 4. 

BEST MODE FOR CARRYING OUT THE INVENTION 
conceptually, the minute electrode of this invention is 
shown in FIG. 1. The bundle of carbon fibers consist of 
plural carbon fibers 1 and nonconducting resin 2. In the 
same FIG. 1. the top of carbon fiber 1 is recessed from 
the top of nonconducting resin 2 and forms the micro-hole 
3 which is released outside. And the bottom of this micro- * 
hole which is the top part of carbon fiber becomes the 

- 6 - 




•iMtrod. surfao*. if d.elr.U, auzfaoa of th* -Uctrodl^^^^^ 
a»y b» modified by •leotroo«t*lyst 4 for •l«otroeh«ttlc«l 
reaction*. Thl« eleotrode la haralnaftar rafarad to aa 
"baalc alaotrode". 

Though there la no limitation for carbon flbera which 
forna the baalo electrode, following carbon flbera auoh aa 
polyacrylonltrlle baaed, pitch based, rayon baaed, phenol 
reain based etc. and alao the one which la produced by 
vapour depoaitlon aethod, la used preferably. 

The nonconducting material la preferably aelected from 
fluorlnated resin, polyester resin, epoxy resin, 
polyphenyleneoxlde resin, polyphenylenesulf Ids resin, 
urethan resin, silicon resin,' vlnylchlorlde resin, phenol 
resin etc.. When the minute electrode la used In the 
living body, high quality anti-thrombgeneelty resin Is 
most preferable. 

The plural carbon fibers are covered with nonconducting 
resin, and it Is subjected to heat-set process In order to 
be one body. The cross-section of that (body) is like 
Islands (each carbon fiber) in the sea (the nonconducting 
resin). Namely, carbon fibers do not contact with each 
other. The number of the carbon fibers is usually in the 
range of from 50 to 60,000, and It Is selected on purpose 
for use. And when this electrode is used as reference 
electrode, sometimes more than 50,000 of carbon fibers may 
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be used. 

Generally, the ratio of the carbon fiber's area In the 
cross-section of this electrode is in the range of from 3 
to 6096. The diameter of the carbon fiber Is less than 20 
jifim. and more preferably it is less than lO^m. 
The diameter of cabon fiber is that of micro-hole and In 
case of less than 20 jjim, it causes so called "filter 
effect". 

Generally, the depth of the micro-hole is in the range 
of from 0.5 to 600;w.m, and more preferably it is in the 
range of from 20 to 400/^m. It is no problem, for 
example, if it is sharp like a pencil or in opposition it 
is hollowed. But in this case, the depth of the micro- 
hole is defined by the deepest part of it. 

If desired, the surface of the electrode is coated with 
electrocatalyst . And that material may be selected from 
platinum, silver, gold, iridium, phthalocyanlne and Its 
derivatives etc.. The ability of oxygen reduction 
catalysis becomes higher in accordance with making this 
layer . 

The basic electrode in this invention keeps more toughly 
from contamination by means of covering electrode surface 
with selective permeable membrane. It is desirable that 
this membrane is a polymer made by electrochemical 
polymerization. 
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For example, the basic eli^ctrode in this Invention §?n®®^®^ 
be obtained by the' fbllpwlng procedure. 

At flroi, the bundle of the carbon fiber le l&pregnated 
with nonconducting resin which" Includes h&r<iehlng agent , 
then the bundle IS eubjecttfd to heat treataient profeese In-- 
order to harden the resln. m this vrky, vfitB' like carbon^ 
fiber bundle Which Is covered with nonconducting resln Is 
obtained. Then the carbon fiber bundle Is cut for' desired 
length, then one end of this bundle Is burnished, and the 
lead wire is bonded by using silver paste to the other 
end. On the burnished side of the bundle, the jaicro-holes 
are formed by etching the carbon fibers by means of 
eiectrochealcal oxidation whicli illustrates hereinafter. 

Electrolytic s'olutlbn Siay be 'selected from acid or 
alkaline solution, and alcohols such as methanol which 
Includes supporting electrolyte. Then the anodic 
oxidation is done, in this prociess, the carbon fiber Is 
connected to the anode, and the metal eleetrode la used as 
a counter electrode. The oxidation voltage is preferably 
in the range of from l to 100 volt. Also it Is preferable 
methbd that the oxidation and reduction are repeated by 
turns. * .. ■ 

When the surface of the electrode is coated with the 
electrocatalyst; foliowlng meit hod such as plating, vacuum ^ ' 
evaporation, sputtering etc. is applicable. *■ 
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Including the basic electrode and aASO for other 
electrodes, the micro-hole may be filled up *?lth 
gelatinoid material. Gelatinoid materials may be selected 
from agax, gelatin, polyacrylamide gel etc.. 

Various electrodes of the pressent invention are 
Illustrated below acre concretely. 

(1) The electrode for measuring the concentration of 
dissolved oxygen. 

Basic electrode itself may be applied as the electrode 
for measuring the concentration of dissolved oxygen. But 
more preferably, the surface of. the basic electrode is 
coated with selective permeable membrane by . 
electrochemical polymerization process. The best method 
of electrochemical polymerization is as follows. The 
supporting electrolyte such as sodium perchlorate , sodium 
sulfate is dissolved in the organic solvent such as 
acetonitrile etc. or water, and the monomer compound which 
should be electrochemically polymerized is added in it and 
then this^ mixed material is electrochemically polymerized 
at constant potential of 1 to 1.5 volt. There is no 
limitation, if the polymer dosn't have electroactlvity 
and also it is the selective permeable membrane which 
protects from contamination. Monomer compound usable for 
present invention is selected from amino-containing 
aromatic compound or hydroxy aromatic coa^pound tor 
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example, 4,4'-dlamlnodlphenyloth8r, 4,4'- 0266432 
dlaminodlphenyleulflde, phenol, aniline, or phenol 
derlvatlvea. aniline derivatives, in accordance with 
polymerization conditions, the electroaotlve membrane 
will be formed. For example, when aniline la uaed as 
monomer, alkaline or neutral condition should be adopted, 
otherwise the membrane has electroactlvlty. 

Repeating polymerization Is preferable, whereas It makes 
the membrane coating complete and also makes the .elective 
permeability higher. 

When the oxygen sensor is made by using said electrode, 
silver/silver chloride la combined as counter electrode. 
This electrode may be applicable not only for measuring 
the dissolved oxygen but also for that of other electro- 
chemical reactant materials, by means of changing the 
selective permeability. 

(2) The Ion electrode 

The ion electrode is covered with the membrane, which Is 
electrochemlcally deposited on the basic electrode and 
responds to hydrogen ion. Hydrogen Ion responsable 
membranes are electropolymerlzed membranes such 
as 2,6-dlmethylphenol. 4,4'-biphenol, 1 , 2-deamlnobenzen. 

1-amlnopyrene. 1 . 8-dlamlnonaphthalene , 1,5- 
dlamlnonaphthalene etc.. 
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In order to measure the concentration of hydrogen ib'n, 
this electrode Is dipped together with reference electrode 
such as the' saturated calomel electrode into the solution, 
and the voltage between two electrodes is measured. 

(3) Bio-sensor 

FIG. 2 shows the electrode for bio-sensor. The said 
electrode is covered with membrane 6, in which enzyme or 
microorganism 5 is immobilized. 

Or those are immobilized on the inside surface of 
microholes 2 . 

In the case of potent iometry method, enzyme Is selected 
from urease, penicillinase, glucoseoxldase , lipase etc.. 
And in the case of amperometry method, that is selected 
from glucoseoxldase , latic acid oxidase, L-aminooxidase , 
xanthionoxidase, uric acid oxidase, pyruvate oxidase, 
lactate oxidase etc. each kind of oxidasic enzyme. 

Immobilized membrane 6 is selected from polyvinyl 
chloride, polyacrylamide , acetylcellulose, cellulose 
triacetate, cross linked polyvinylalcohol etc. Not only 
membrane but also fiber mass of nylon or its mesh may be 
applicable. 

Enzyme or microorganism is immobilized with membrane by 
means of adsorption or inclusion, or making the covalent 
linkage, or making the cross link by guitar aldehyde. 
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In the case the •nzym« or aioroorganism is Ittmobllisead ' 
onto th« Inside aurfttce of the alero-hole of nonconducting 
aaterlale, the enzyne la bonded to the functional 
group(amlno group, for exaaple) of the epoxy realn. In 
order to aake blo-aensor, enzyme immobilized electrode and 
the counter electrode of ellver/allver chloride are 
combined. 

(4) Reference electrode 

In the case of the reference electrode, silver and 
•liver hallde are deposited on the basic electrode 
surface. Chlorine and bromine are preferable as halogen. 
More preferably micro-holes are filled with gelatlnold 
material, as mentioned hereinbefore. And it is most 
preferable that the salt with halogen Ion can be Included 
In the gelatlnold material. Examples of the present 
Invention and comparative examples are Illustrated below. 
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Exaiapls %, 2. S and Coaparatlve Example 1 
The bundle of one thousand of carbon fibers ("TorB/ca T- 
300 IK", having the diameter of 1 /An) was Impregnated with 
the epoxy resin including the hardening agent. 
This impregnated bundle of fibers was hardened after 
heating under being stretched, so the composite material 
like a wire having diameter about 0.3 mm was obtained. 
After the side face of this wire was Insulated by epoxy 
resin completely, it was cut. And the one cross sectional 
face was burnished by the conventional method, and another 
end was bonded to the lead wire by sliver paste, then the 
electrode was made. 

This burnished part was dipped in the sulfuric acid 
aqueous solution(2 mM) and by using the platinum wire as 
the counter electrode anodic oxidation was executed on the 
condition described bellow. The dependence of the flow 
rate of solution on the current of oxygen reduction was 
investigated using obtained sensor. Namely, the beaker 
with magnetic stirrer was filled by a saline, and the 
above-mentioned sensor was used as the working electrode 
and the silver/silver chloride was used as the counter 
electrode, then the solution was contacted with air at the 
room temperature to be saturated with air. 

The negative voltage of 0.6 volt (vs Ag/AgCl) was applied 
at the working electrode, and the flowing cathodic current 




(SEM),the d^pth of the etched part carbon flbexki w£^®*64.32 
about lOO^m, and the surface of the electrode was sharp 
like a pencil. 

The thin layer of platinum was made on the above-stated 
micro-hole electrode by the method which is explained 
hereinafter. Namely, the micro-hole electrode was dipped 
in the aqueous solution containing chloro-platlnic acid 
(0.037 mol./JL), ammonium phosphate (0. 134mol./J( } and 
sodium phosphate (0 . 704mol . /A) / and the current was run to 
the amount of 6 mC using platinum as the counter 
electrode. Then the electrode obtained was well washed 
with deionized water. On the observation by SBM, the 
platinum thin layer of about 0.6 ^m adhered on the 
electrode unifomly. 

The FIG. 3 showed that the progress of the electrode 
contamination when electrode after plating with platinum 
(represents "Platinum:" in the PIG.) and electrode before 
plating with platinum (represents "Carbon" in the FIG.) 
were left in the LB culture composition (37*0). 

The carbon electrode was shown by dotted line and the 
platiniim electrode was shown by solid line. The each 
lower line showed the value that the electrode didn^t have 
micro-hole and upper line showed the value that the 
electrode had micro-holes, the depth of which was about 
lOO^m. In each case, the descending rate of oxygen 
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Example 6 02 6.64.32 

The same electrode as of Example 1 was made except that 
the diameter of the carbon fiber was 5/A.m. 

The burnished part was dipped In the sulfuric acid 
aqueous solution (2 mM) using the platln\im wire as the 
counter electrode and It was oxidized electrochemlcally at 
the constant current of 0.2 mA. The carbon fibers were 
etched about lOO^m. Then It was standing at -0.7 volt 
for 20 minutes. 

Similarly, the electrode of carbon fiber etched about 
100 ^m was made, using each bundle of one hundred fibers 
having diameter of 20 ^m and 30 jxn respectively. 

Negative charge (-0.7v) was applied at this each 
electrode using the electrode of silver/silver chloride as 
the counter electrode in the solution of LB culture 
composition. The descending rate of oxygen reduction 
current was obtained after 24 hours. The result is shown 
in Table 2. This descending rate is small when the micro- 
hole is small. 
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TABLE 2 



the dlaaeter 


the descending rate 


of darbon fiber 


of oxygen reduction 




current {%) 


5 


10 


7 


15 


20 


35 


30 


50 



Exeunple 6 

Each electrode was made by the same method as Example 4 
except using phenol, 2,5-dimethyl phenol, 4 , 4 '-diamlno- 
diphenyl ether instead of aniline. Though it was left in 
LB culture composition at 37*0 for 10 days, the descent of 
the value of the oxygen reduction current wasn't observed. 

Example 7 

The bundle of three thousand carbon fibers ("Torayca T- 
300", having the diameter of 7^m) was put into the 
polyethylene tube (inside diameter was 2 mm) of 35 cm 
length, and one end of carbon fibers was fixed at outside 
of the tube. The epoxy resin (produced by Toray-Hysoi co. 
Ltd..) containing hardening agent was poured from the 
inlet where the carbon fibers were fixed. This was post- 
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cured on about 60* C for one hour and a half, then nardened 
carbon fiber composite material was pulled out from the 
tube, and cut into 10 cm length. Next, It was treated 
with heat by electric furnace. One end of this carbon 
fiber composite material was bonded to the lead wire by 
silver paste, and another end was burnished by means of 
conventional method after the side face was Insulated 
completely by epoxy resin. 

The part of carbon fibers were removed by anodic 
oxidation of this electrode. in sulfuric acid aqueous 
solutlon( 2 mM) using platinum plate as the counter 
electrode. The anodic oxidation was done at constant 
current 1 mA for 10 minutes and twenty minutes 
respectively. The depth of micro-hole was 90 /Am at 10 
minutes, and was 140/A.m at 20 minutes. Negative charge 
(-0.6V) was applied at this electrode in a saline by using 
silver/silver chloride as the counter electrode, then the 
value of dissolved oxygen reduction current was measiired. 
Thereafter the value of the current when the solution was 
stirred, devlded by the current when it stopped was 
obtained. The values were 1.57, 1.34 respectively when 
anodic oxidation was done for 10 and 2 0 minutes. 
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The cotaposite material of carbon fiber and epoxy resin 
was made as' similarly as Example 1 except that the number 
of fibers was three thousand. When this carbon fiber 
composite material was oxidized anodically at constant 
current (1 mA) in the sulfuric acid aqueous solution( 2 
mM) using platinum plate as the counter electrode, the 
carbon fibers were etched about 200 /im. Next, plating 
with platinum was done on the carbon fibers like Example 4 
by the amount of 12 mC. 

The temperature dependance of the value of oxygen 
reduction current at this electrode was less than 0,8 

This value was smaller than that of Clark oxygen 
sensor which was in the range of from 4 to 5 (Cf . 

**The optimum measuring and control of the fermentation 
process" Science Forum Page 214), 

The end of this electrode was dipped in polyvinyl 
chloride (produced by Kanto Chemical Co, Ltd.,) 8 wt* 
solution (dimethylf ormamide) , and it was left In methanol 
for 3 hours. Then after it was washed well by the 
deionized water, it was left . in 20 cc of phosphate buffer 
solution (0.066M) containing glucose oxidase 5 mg 
(produced by Nagase Co. Ltd.,) for 10 hours. It was 
washed by deionized water, and -0.6v was applied (vs.SCE) 
in phosphate buffer solution (0.066M) using the saturated 
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calonel electrode as reference electrode and platinum wire 



as the counter electrode. At this tlae, the relation-ship 



between the concentration of glucose and the decrease of 



oxygen reduction current was linear. It took sixty 
seconds for the current to become constant . The changed 
rate of the current by tcsmperature change of the solution 
was 1. 4X7*^0. 

When the potential ( which was applied at this enzyme 
electrode) was changed to -f0.6V (vs. SCB) « the relation of 
the glucose concentration and oxidation current (current 
of hydrogen peroxide oxidization) was good linear 
relationship by our Investigation. 

Example 9 

The carbon fiber composite material was made by same 
method as Example 8, and the carbon fibers were etched 
about 200 ^m. And at once it was dipped in 20 cc of 
phosphate buffer solution (0.066M) containing the glucose 
oxidase 10 mg for 10 hours. It was washed well by 
deionized water, and the relation of the glucose 
concentration and the amount of the decrease of oxygen 
reduction current like Example 6 was a straight line 
passing zero point. The changed rate of current by 
temperature change of solution was 1 %/*Q. 
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Example 10 

The carbon fiber coinpdsite aaterlaii was formed using the 
bundle of one thoiisind carbon fibers ("Torayca t-^SOO"/ 
having the diameter of 7 /Am) like Example 1. 

This composite material was oxidised electrochemically 
at constant current (0.34mA) in the sulfuric acid aquebu^ 
solution(2 mM) , and anodically etched about 200 /Am. 

A polymer membrane wks eiedtrbchemlcally deposited at 
1.5 volt (vs. SCE) for 10 iainutes in acetonitSrile solution 
coxitalning 2 , 6-ddmethylphenol ( 20mM) and sodium 
perohlorate (0.2M) using platinum wire as the cbunter 
electrode r and saturated calomel electrode as the' 
reference electrode. The potential in various pH solution 
was investigated by using this electrode and good: linear 
relationship with the inclination bf ^-56 mV/pH was 
obtained. It responded in 1 minut^ when the electrode was 
removed from pH2 sblutioh to pHlO solution. 

Comparative Example 2 

The constancy of poteritial was investigated by using the 
same pH electrode as Example 10 aErid the same one (except ; 
without micro-hole) in the phosphate buffer sblutioh which 
Includes the yeast extract essence (0 . 5 wtsi) , baictotryptbn 
(0.3 wt«) . As the result , the electrode with micro-hole 
gave the stable potential, but that of without micro-hole 

- 24 - 



fir 



>^^ntlal slip, its error was •^11^ 



gave the po95ntlal slip, its error was -^IW^V. 0266432 

Example 11 

The same electrode except that the depth of etching was 
100^ m was formed. This electrode was plated with 
platinum by the amount of 4 mC as described in Example 4. 

A polymer was electrochemically deposited on this 
electrode at 1.0 volt (vs. SCE) potential in the phosphate 
buffer solution( 2 M, pH»7) which contains 1,2-diamino 
benzene (20mM} for 10 minutes, using platinum wire as the 
counter electrode and saturated calomel electrode as the 
reference electrode. As by using this electrode the 
potential was investigated in solutions having various pH 
value, good linear relation having the inclination of —53 
mV/pH was obtained during pH4 and pH9 . 
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XNDUSTItXAL APPLXCAaZLITY 



The ninute electrode of this Invention is useful for 
various electrode of electrocbeiaical analysis i and it is 
suitable especially for the electrode for measuring the 
concentration of dissolved oxygen, for the concentration 
of ions, for bio sensor, or for the reference electrode. 
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1. Minute electrode for electrochemical analysis 
characterized In that It Is comprised of the bundle of 
carbon fiber coverd with the nonconducting resin and the 
end of carbon fiber recesses from one end of the resin and 
the micro-hole which is released to the outside is formed. 

2. The minute electrode according to the QL AIM 1, wherein 
the diameter of carbon fibers is less than 20 jj^m. 

3. The minute electrode according to the CLAIM 1, wherein 
depth of the micro-hole is in the range of from 0,5 to 500 

4. The minute electrode according to CLAIM 1, wherein 
nonconducting resin is selected from the group of high 
molecule material » fluorinated resin, polyester resin, 
epoxy resin, polypheny lene oxide resin, polyphenylene 
sulfide resin, urethane resin, silicon resin, vinyl 
chloride resin, phenol resin* 



5. The minute electrode according to CLAIM 1, wherein 
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surface of the end of recessed carbon fiber is cov&reS 
with selective permeable *meabra^ 



6. The minute electrode according to CLAIM 6, wherein 
selective permeabe membrane is electropolymerlzed 
membrane. 

7. The minute electrode according to CLAIM 6, wherein 
electropolymerlzed membrane doesn't have electroactivlty 
for the aieasurJng the concentration of dissolved oxygen. 

8. The minute electrode according to CLAIM 6, wherein 
electropolymerlzed membrane responds the hydrogen Ion for 
measuring concentration of ions. 

9. The minute electrode according to CLAIM 1, 2, 3, 4, S, 
6r 7 and 8, wherein the enzyme and microorganism are 
immobilized near the end of recessed carbon fiber. 

10. The minute electrode according to CLAIM 1 for 
reference electrode, wherein the surface of the top of the 
recessed carbon fibers are covered with silver, and they 
are covered further with silver halide thereon. 



- 28 - 



THIS PAQE BLANK OBfTO) 




0266432 




FIG. I 




Fl€. 2 



THIS PAGE BlANK(MSfTO) 




0266432 




time Cdays) 



FIG. 3 



\ 



Laps of 



0266432 



INTERNATIONAL SEARCH REPORT 

lnttrnitlon.1 Applle.tlpn No PCT/ JP87 / 0 02 5 2 



I. Ct.A«»IHCATION or gUBJICt MATT|if'»fUtv>f>f elMtrn tppfy. In'dlctt* ■II) » 



Aeeofdino to lnt«rniiloft»l PMM Cliiiincitlon (IPC) or to both N»tloMl Cltiilfleitlon «nd IPC 

Int.Cl^ G01N27/30 



II. PIILDS aiARCHIO 



Minimum DoeumtnlaUen Stirehtd * 



Ct««>l(lcitlon aytirn | 



CI«tiWcitlBn Symbott 



IPC 



G01N27/30/ 27/46-27/56 



Doeumtntatton St arehtd oth«r than Minimum OocumanUtlon 
to tha Extant that aueh Doeumanta ara Includad In tha PJalda Saarchad » 



Jitsuyo Shinan Koho 
Kokai Jitsuyo Shinan Koho 



1926 - 1987 
1971 - 1987 



UK POCUM1NT8 COWIDIRID TO Bl RILIVAWT " 

j Catagor7*T CUaUon of Documant, it* with Indication, wh^ra appropriate^ of tha ftiavani paaaagaa | Rtlavant toC>aiw No. u 



i 



JP, A, 60-52759 (Terumo ^Corporation) 
2? 'March 1985 (26. 03. 85) 
(Family: none) 

JP, A, 60-77984 (Rikagaku Kenkyusho) 
2 May 1985 (02. 05. 85) 
(Family: none) 

JP, A, 61-7463 (Murai Teiichi) 
14 January 1986 (14. 01. 86) 
(Family: none) 



1-10 



1-10 



1-10 



• Specltl catagoriea of cited documanla: '* 

"A" doc'imant defining tha canaral atala of the art which la not 

con: idered to be of particular relevance 
"E" et er document but published on or after the International 

ril ng date 

-L- dc:ument which may throw doubts on prtortty ctalmto) or 
wi i :h Is cited- to establish the publication date of another 
cii ttion or other special reason (as specified) 

"O" do* ument referring to an oral disclosure, use. exhibition or 
oth»r means 

"P" ao' ument published prior to the international filing date but 
lattr than the priority date claimed 



later document published after the tntefr>atfon«l filing data or 
priority date and not In conflict with the application but cited to 
understand tha prineipta or theory undertying tha invention 
document of particular relevance; the claimed tmrentlon cannot 
be considered novel or cannot be considered to involve an 
Inventive step 

document of particular relevance; the claimed Irwentlon canr>ot 
be considered to involve an Inventive step, when the document 
19 combined with one or more other such documents, such 
combination t>elng obvious to a person siulled in the art 
document member of the same patent family 



IV. CER- tPICATIOM 



Date of th • Actual Completion of the International Search * 

Jul: 7, 1987 (07. 07. 87) 



Date of Malting of this International Search Report > 

July 20, 1987 (20. 07. 87) 



Internetlon I Searctilng Authority i 



Japaiese Patent Office 



Signature of Authorlxed Officer i* 




THIS MGE BLANK (USPTO) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not pai*); of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□'faded TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (usm« 



